Objective: To evaluate the effects of an 8-week multidimensional physical therapy program, including strengthening exercises and recovery massage, on neck and shoulder pain, pressure hypersensitivity, and the presence of active trigger points (TrPs) in breast cancer survivors.
B
reast cancer is considered the most common form of cancer among women, 1 with an estimated 2 million breast cancer survivors (BCS) in the United States. 2 In fact, the National Cancer Institute has estimated that 1.09% of women in United States aged 30 to 84 years had a lifetime absolute breast cancer risk of Z20%, which translates to 880,063 United States women. 3 Almost all cancer survivors experience 1 or more cancer-related symptoms (CRS) that impact their quality of life. 4 Among these CRS, localized pain is the most frequent impairment after breast cancer treatment (20% to 65%) 5, 6 Smith et al 7 found a prevalence of 43% of pain after mastectomy in a sample of 408 women.
There is evidence demonstrating that physical therapy, particularly exercise 8, 9 and massage 10 interventions, can be beneficial for improving physical function in BCS. In fact, recommendations concerning exercise programs in BCS have been developed. 11 A recent meta-analysis has concluded that physical therapy programs targeted to CRS should be multidimensional and include both exercise and cognitive and behavioral strategies. 12 In addition, this meta-analysis found that studies had focused mostly on cancer-related fatigue as main outcome. Therefore, physical therapy practice would benefit from further research testing the efficacy of physical therapy programs on different aspects of CRS, such as pain or hypersensitivity.
There is evidence suggesting that BCS may present with changes in nociceptive gain. Andrykowski et al. 13 found that mastectomy may enhance the experience of pain at distant sites by sensitizing the central nervous system. Gottrup et al 14 suggested that peripheral sensitization contributes to pain and sensory disturbances in BCS experiencing pain due to nociception from damaged small nerve fibers during the surgery. A recent study showed that BCS present with widespread pressure pain hyperalgesia, as sign of sensitization of the central nervous system. 15 In that study, pressure pain hyperalgesia was negatively related to the presence of active muscle trigger points (TrPs: hypersensitive spots within a taut band within a skeletal muscle that elicit a referred distant pain when stimulated) 16 indicating that active muscle TrPs spatially increase mechanical sensitivity in BCS. 15 In addition, this widespread mechanical pain hypersensitivity is similar in women who received either lumpectomy or mastectomy, suggesting that this central sensitization is present independently of the type of breast cancer surgery received. 17 As the presence of pain soon after the surgery is a predictive factor for chronic pain after breast surgery, 18 physical therapy programs should be targeted to decreasing clinical pain and nociceptive gain. To the best of the authors' knowledge, no previous study investigating multidimensional physical therapy has analyzed improvements in pain and sensitization mechanisms after the application of exercise with massage and relaxation interventions on BCS. Physical therapy programs combining both exercise and massage could improve nociceptive gain in BCS. Therefore, the aim of this randomized study was to evaluate the effectiveness of an 8-week multidimensional physical therapy program, focused on strengthening exercises and recovery massage on neck and shoulder pain, pressure hypersensitivity and the presence of active TrPs in a population of BCS.
METHODS

Participants
Participants were recruited from the Breast Oncology Unit of the Virgen de las Nieves Hospital, Granada (Spain) from June 2009 to October 2010. Participants were eligible if they: (1) had a diagnosis of breast cancer (stage I to IIIA); (2) had received a simple mastectomy or quadrantectomy, including those with breast reconstruction at the time of initial surgery, or subsequent breast reconstruction; (3) were between 25 and 65 years of age; (4) had finished coadjuvant treatment except hormone therapy; (5) did not have an active cancer; and (6) had neck and shoulder pain that began after their breast cancer surgery. Participants were excluded if they: (1) were receiving chemotherapy or radiotherapy treatment at the time of the study; (2) suffered from chronic or orthopedic diseases which would not permit them to follow the physical program; (3) had uncontrolled hypertension (diastolic pressure >95 mm Hg); (4) had lymphoedema; (5) had recurrent cancer; or (6) had a previous diagnosis of fibromyalgia syndrome. 19 Potential eligible participants were contacted by telephone by 2 oncologists from the Hospital. Those interested were given an appointment and received a complete explanation of the study and signed the informed consent form. The ethical approval for this study was granted by the Ethics Committee of the Hospital Virgen de las Nieves (Spain). After inclusion, participants were scheduled for a medical visit, which included a history, physical examination, and medical questionnaire with the aim to determine any condition that justified medical exclusion.
Design, Randomization, and Allocation
A randomized controlled clinical trial was conducted. Eligible participants, after providing written informed consent, were randomly assigned into 2 groups: CUIDATE group, who received the multidimensional physical therapy program; or a CONTROL group that received the usual care treatment for breast cancer. For ethical reasons, participants allocated to the CONTROL group, who finished the period of 8 weeks for this study, were invited to return for a multidimensional physical therapy program or receive an intervention on a multimedia electronic document. We allocated patients to either CUIDATE or CONTROL groups into 2 randomization cycles, using a computer-generated number sequence. The sequence was entered into numbered opaque envelopes by an external member and they were opened after completion of the baseline assessment.
Intervention Condition: The CUIDATE Program
The multidimensional physical therapy CUIDATE program consisted of a total of 24 hours of individual training and 12 hours of physical recovery procedures, conducted 3 times per week for 90 minutes each. The program was supervised by 2 physical therapists with clinical experience in the management of patients with different cancer conditions and there were between 6 to 8 participants per group.
The CUIDATE program consisted of individual aerobic training (10 to 20 min) including walking, mobility, stretching exercises with particular attention to neck/ shoulder regions (20 min), and different strengthening exercises (30 to 40 min) ( Table 1 ). The intensity of the aerobic training followed the recommendations of the American College of Sports Medicine and American Heart Associations. 20 Participants were monitored during the exercise sessions using a heart rate monitor sensor (Polar s810, Polar Electro, Oy Finland) to maintain the 50% to 60% of the maximum heart rate during the first 4 weeks and <75% during the last 4 weeks.
Physical training was followed by 30% to 40% minutes of low intensity interventions for improving recovery after exercise. This period included stretching of the muscles used during previous exercise and massage (myofascial release techniques), which has demonstrated an ability to improve recovery after exercise 21, 22 (Table 1) . Finally, participants reclined on mats with pillows and blankets and were instructed in free meditation for 10 minutes.
Control Condition
Participants followed usual care recommended by the oncologist in relation to a healthy lifestyle. BCS received a document printable dossier from the oncologist where they found recommendations related to nutrition, lifestyle behaviors, and exercise. A follow-up of physical activity during control period was used to control bias detected in previous clinical trial with exercise in cancer survivors. 23, 24 For that purpose, we used the Spanish version of Minnesota Leisure Time Physical Activity Questionnaire. 25 
Outcome Measures
The primary outcomes were neck and shoulder pain and pressure pain thresholds (PPT). A visual analog scale (VAS) was used to assess the intensity of spontaneous neck and shoulder/axillary pain. The VAS is a 100 mm line anchored with a '0' at one end representing no pain and '100' at the other end representing the worst pain imaginable. The VAS has been shown to be a reliable and valid instrument for assessing pain. 26 The VAS was also selected as an outcome measure based on its ability to detect immediate changes in pain with a minimal clinically important difference (MCID) between 9 and 11 mms. 27, 28 PPT, defined as the minimal amount of pressure where a sensation of pressure first changes to pain, 29 was assessed with an electronic algometer (Somedic AB, Farsta, Sweden). The pressure was applied at a rate of approximately 30 kPa/seconds by a 1-cm 2 probe. Participants were instructed to press the switch when the sensation first changed from pressure to pain. The mean of 3 trials was calculated and used for the analysis. A 30-second resting period was allowed between each trial. The reliability of pressure algometry has been found to be high [Intra-class Correlation Coefficient: 0.91, 95% confidence interval (CI), 0.82-0.97]. 30 PPT levels were assessed bilaterally over C5-C6 zygapophyseal joints, deltoid muscles, second metacarpals, and tibialis anterior muscles by an assessor blinded to the allocation of the participants.
Muscle TrP Exploration
TrPs were explored bilaterally within the upper trapezii, sternocleidomastoid, levator scapulae, scalenes, pectoralis major, and infraspinatus muscles by an assessor who had more than 6 years experience in the management of muscle TrPs. TrP diagnosis was performed following the criteria described by Simons et al 16 :
(1) presence of a palpable taut band in a skeletal muscle; (2) presence of a hyperirritable spot in the taut band; (3) local twitch response elicited by snapping palpation of the taut band; and (4) presence of distant referred pain distant in response to TrP compression. These criteria, when applied by experienced assessors, have obtained a good interexaminer reliability (k) ranging from 0.84 to 0.88. 31 TrPs were considered active when both the local and the referred pain evoked by digital compression reproduced any pain symptoms and the patient recognized the pain as familiar. TrPs were considered latent when the local and referred pain elicited did not reproduce any pain symptoms recognized by the patient. 16 After TrP palpation on each muscle, patients were asked: "When I pressed this muscle, did you feel any pain locally and in other distant areas (referred pain). Please tell me whether the pain that you felt during digital compression reproduced any clinical pain symptoms that you suffered from."
Sample Size Calculation
Sample size determination was performed with a software program (Taman˜o de la Muestra1.1, Madrid, Spain). The calculation was based on detecting betweengroups significant clinical differences of 20% on PPT levels 32 with a level of 0.05, and a desired power of 80%, and an estimated interindividual coefficient of variation for PPT measures of 20%. This generated a sample size of at least 16 participants per group. To accommodate possible dropouts before study completion, a total of 44 participants were included.
Statistical Analysis
Statistical analyses were performed using SPSS statistical software, version 16.0, and were conducted according to intention-to-treat principle. Chi-square tests and Student t tests were used to examine the differences in sociodemographic, medical, and clinical features, and PPT levels between the CUIDATE and CONTROL groups. A 1-way mixed-model analysis of variance (ANOVA) was conducted to compare both groups of BCS with healthy women from the Hospital Virgen de las Nieves community.
A 2Â2 mixed-model repeated-measure ANOVA with time (preintervention and postintervention) as the withinsubject variable and intervention (CUIDATE or CON-TROL) as the between-subjects variable was used to examine the effects of the intervention on neck and shoulder/axillary 33 An effect size <0.2 reflects a negligible difference, between Z0.2 and r0.5 reflects a small difference, between Z0.5 and r0.8 reflects a moderate difference, and Z0.8 the effect size suggests large differences. Finally, mixed w 2 tests (McNemar-Bowker test) were applied to investigate changes in the distribution of active TrPs between groups at baseline and after the intervention. A P value <0.05 was considered statistically significant.
RESULTS
Participants
During the study period (June 2009 to October 2010), 322 patients with breast cancer aged 18 to 65 years completed the oncology treatment. Sixty patients (18.6%) were eligible for prescreening, and 44 (73%) were finally included (Fig. 1) . All patients underwent axillary lymph node dissection during their surgery. The mean time from breast surgery was 10±2 months. The ANOVA revealed that both groups of BCS exhibited pressure sensitivity (lower PPT) compared with healthy women (Table 2 ). No differences in age, clinical features, pain, or PPT existed between CUIDATE and CONTROL groups (Tables 2, 3) , so they were comparable in all the dependent outcomes at the beginning of the study.
Adherence and Adverse Events of the Physical Therapy CUIDATE Program
One patient within the CUIDATE program dropped out when she had a recurrence of breast cancer during the program. Another patient was referred to her oncologist after experiencing symptoms related to a previous cancer. In any case, these patients were reincorporated to the CUIDATE program, but their data were excluded from the main analysis as they had an adherence rate below 60%. All patients within the CUIDATE group completed more than 80% of 24 physical therapy sessions, showing a high adherence rate to the program. No adverse events were recorded during the study.
Effects of Physical Therapy CUIDATE Program on Neck and Shoulder/Axillary Pain
The results of the ANOVA revealed a significant group x time interaction for the main outcome of the study, neck pain (F=53.032; P<0.001) and shoulder/axillary pain (F=38.175; P<0.001): the CUIDATE group experienced a greater decrease in neck and shoulder/axillary pain than the CONTROL group ( 
Effects of Physical Therapy CUIDATE Program on Pressure Pain Sensitivity
The ANOVA revealed significant group x time interactions for PPT levels over the C5-C6 zygapophyseal joints (F=5.846; P=0.018), deltoid muscle (F=20.381; P<0.001), second metacarpal (F=40.954; P<0.001), and tibialis anterior muscle (F=16.237; P<0.001). No significant group x time x side interactions for PPT levels over the C5-C6 zygapophyseal joints (F=0.126; P=0.724), deltoid muscle (F=0.338; 
Effects of Physical Therapy CUIDATE Program on Active TrPs
The 
DISCUSSION
The results of this study indicate that an 8-week supervised multidimensional physical therapy intervention including strengthening and endurance exercises, relaxation and massage (CUIDATE), induced changes in nociceptive processing in BCS. We noted a greater reduction in neck and shoulder/axillary pain compared with usual breast cancer care (CONTROL). We also observed significant and widespread increases in PPT, and decreases in the presence of active TrPs in the CUIDATE, but not CONTROL, group.
The effect sizes for the improvements in neck (2.72) and shoulder/axillary (2.45) pain suggest a large clinically important change. The between-group mean difference change scores surpassed the MCID of 9 and 11 mms. 27, 28 The lower bound estimates for the 95% CIs fall above previously reported MCID of 9 to 11 mms, providing assurance when making clinical decisions regarding the treatment effect identified in this study. Previous studies have focussed on the effects from exercise interventions on cancer-related fatigue, reporting small results (effect size 0.3). 12 Other trials investigating changes in muscle strength have reported large effects (effect size 0.99) for physical therapy. 34 However, few published studies have focused on pain.
11 A recent pilot study analyzed the effects of scapulaoriented upper limb function exercises and did not find any change in pain after the intervention, probably due to the small sample size. 35 Our study is the first investigating changes in neck and shoulder pain in BCS after the application of a multidimensional physical therapy program including exercise, recovery methods, and relaxation interventions.
We also found a widespread increase in PPT, that is, a decrease in pressure pain hypersensitivity after the CUI-DATE program. The between-group effect sizes were also large for all PPT assessment, suggesting a generalized hypoalgesic effect of the physical therapy program in BCS. This study is the first to report changes in pressure pain hypersensitivity in BCS after a multidimensional physical therapy program. Our results concur with previous studies using exercise interventions where a hypoalgesic response (ie, diminished pain perception) was found during and following exercise. 36 The cause of this exercise-induced hypoalgesia is most likely through the activation of central inhibitory pain mechanisms. Central pain inhibitory systems are thought to be activated by the stimulation of afferent nerves endings in the skeletal muscles and increase in hormone secretion during exercise (eg, catecholamines or pituitary hormones). 37 Despite this, some investigators have questioned the hypoalgesic effects of exercise. 38 In fact, it seems that exercise-induced hypoalgesia, that is, changes in PPT, may be dependent upon the intensity or dose of the exercise. 39 Hoffman et al 40 determined that an intensity >50% Vo 2 max and a duration >10 min are minimum thresholds required for eliciting this exerciseinduced analgesia. Both these criteria were satisfied within the CUIDATE program.
Our results also showed that BCS, 1 year after their medical treatment, exhibit widespread pressure pain hypersensitivity compared with healthy women. At postintervention, PPT improved in those included within the CUIDATE program, reaching values closer to healthy women. However, those BCS included in the CONTROL group continued showing pressure pain hypersensitivity compared with healthy women. This is an important finding as hyperexcitability of the central nervous system may be related to the fact that BCS experience widespread diffuse persistent pain. 41 Ferna´ndez-Lao et al 15 suggested that central sensitization in women with postmastectomy may be related to the presence of active TrPs. The presence of TrPs in BCS has been also supported by TorresLacomba et al. 42 In this study, the decrease in neck and shoulder/axillary pain and the increases in PPT levels were accompanied by a reduction in the presence of active TrPs within neck and shoulder muscles. We found that BCS who received the CUIDATE program experienced a greater inactivation of muscle TrPs compared with those within the CONTROL group. No changes in the presence of active 43 and emphasized resistance exercises. 44 This study used a similar length of treatment (8 weeks) to previous studies, but we extended postural control by including core strengthening exercises. Core exercises are defined as exercise developing the ability to control the position and motion of the trunk during end-range segment in integrated kinetic chain activities. 45 Effectiveness of core exercises has been associated with modification of plasma levels of Interleukins-6 and tumor necrosis factor-a, 46 ,47 which may be related to changes in pain and pressure pain hypersensitivity.
Multidimensional programs can help BCS in coping with CRS. The CUIDATE program had a higher ratio of supervision with 2 to 4 therapists for 8 to 12 patients (ratio therapist/patient: 1/3-4). Only 60% of the exercise programs applied to reduce CRS used therapist supervision 12 and the higher ratio of therapist/patient in the CUIDATE program can promote environmental support and satisfaction for the patients, both aspects important for improving pain perception of BCS. 48 In fact, it is possible that the greatly increased interpersonal aspect of the CUIDATE intervention may have highly influenced the outcomes in its own right.
Strengths of the current trial include supervised and structured exercise program, multidimensional approach, objective physiological measurements, and intention-to-treat analyses; however, we should recognize some limitations. The first limitation of this study was that the control group was allowed to freely practice physical activity. The possible bias associated with this limitation seemed to be controlled because our control group did not show significant increase in physical activity during the study as monitored by the Minnesota Leisure Time Physical Activity Questionnaire. 23, 24 A second limitation is that, we only assessed short-term effects of the CUIDATE program; however, the short-term effects were clinically relevant. Future studies should investigate long-term effects of this program in BCS.
CONCLUSIONS
An 8-week multidimensional program including strength exercises, relaxation, and massage recovery was effective in improving neck and shoulder pain, and reducing widespread pressure pain hyperalgesia in BCS compared with usual breast cancer care. Our results suggest that a multidimensional physical therapy program is able to activate exercise-induced hypoalgesia in BCS. Physical therapy interventions may be clinically useful in minimizing pain and persistent pain hypersensitivity after medical treatment in this BCS cancer population.
